Role of native-state structure in rubredoxin native-state hydrogen exchange.
Amide exchange rates were measured for Pyrococcus furiosus (Pf) rubredoxin substituted with either Zn(II), Ga(III), or Ge(IV). Base-catalyzed exchange rate constants increase up to 3000-fold per unit charge for the highly protected amides surrounding the active site metal, yielding apparent residue-specific conformational energy decreases of more than 8 kcal/mol in a comparison of the Zn(II)- and Ge(IV)-substituted proteins. However, the exchange kinetics for many of the other amides of the protein are insensitive to these metal substitutions. These differential rates are inversely correlated with the distance between the amide nitrogen and the metal in the X-ray structure, out to a distance of at least 12 A, consistent with an electrostatic potential-dependent shifting of the amide nitrogen pK. This strongly correlated distance dependence is consistent with a nativelike structure for the exchange-competent conformations. The electric field potential within the interior of the rubredoxin structure gives rise to a change of as much as a million-fold in the rate for the exchange-competent state of the individual amide hydrogens. Nevertheless, the strength of these electrostatic interactions in Pf rubredoxin appears to be comparable to those previously reported within other proteins. As a result, contrary to the conventional analysis of hydrogen exchange data, for exchange processes that occur via nonglobal transitions, the residual conformational structure will often modulate the observed rates. Although this necessarily complicates the estimation of the conformational equilibria of these exchange-competent states, this dependence on residual structure can provide insight into the conformation of these transient states.